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2.1 PLAS| 7|2 E/

PLAE aliphatic polyester Al AJ&siA 2 EAZ WHE oF
ol ester 2 DH7]0= hydroxyl® carboxyl group
< 7HA AL glom, ol2jgt 2= Q5| 7hrEs| 2 n|A &
ofl o1&t Balj7t 7hsstch(ay 1)."7F =3 gazeA o
oA PLAE AJ4te] A 7+ g71H(life-cycle assessment)
%= Ag8¥ A cradle-to-factory gate) 7HA| Q] o] AFsfet
2 HiETH0] 0.62 kg CO2-eq/kg & H|ES)/A] aLEA0] B
3l 2Al7kA &) uie Yyrh(ay 2).

L& 2% (melting temperature, 7;,) ¥ ZAAst= ZAA
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PLA9] {87 0] (glass transition temperature, 73)+
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< 0]%A(chain mobility) & 7FXaL Qlo] AAS} &&=
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Poly(L-lactic acid)
(PLLA)

a3 1. PLAS| Bt8t 22

Poly(D-lactic acid) Poly(D, L-lactic acid)
(PDLA) (PDLLA)

Biomass ] :I Monomer l :x Polymer »

Corn

CH,OH
0,

o

OH

Uptake : - 1.83 kg
Emission : +1.17 kg

o

e

OH

Enzyme

hydrolysis o

Dextrose OH
Lactic aci

Fermentation

1 Dehydration Lactide
o i Ring-opening
%O & %OH polymerization
o o
1 Depolymerization \)L}OJYO%OH
o
%OH Lactic acid T.?;O\

o

o %o
Lactic acid o
Wcl))\

o
d oligomer

Lactide Poly(lactic acid)

zofolsh Aol W42 27 weba] PLA 7]4
A o AESE AISAE PLAY 9 A% 2§

a3 2. PLA M =53 S
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Material (Zé_,) (ofg Tensil(('ev| ;tar)ength Elongati((Jg/]o )at break
Low-density polyethylene -100 98-115 8-20 100-1,000
Polypropylene -18 175 31-41 100-600
Poly(ethylene terephthalate) 69 265 48-72 30-300
Poly(lactic acid) 45-60 150-162 21-60 2.5-6.0
Poly(butylene adipate-co-terephthalate) -34 115-125 21 670
Poly(caprolactone) -60 to -65 58-65 21-42 300-1,000
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UHEEA | Poly (lactic acid) 7|5t A2l EEtARO| HS3

TINA B At M, TLE YEo2H 7
3, AFE ol BAE S7HAI71= Yol o]E B5ll PLASY
B s 53 H/d7 A4 (ductility) & 7HA1 st
o2 PLA 7h4SH AFE5o] Xgdwa gtk
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AUA| B3HE F3f 3D ZHE§ PLA H2HIEQ] 7|AH

vvvvvv Dlameter ize (um)

Partice Diameter Size (um)
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Novel Nanofibrils

Crystalline region

@& NFC ~v PLA £\ ATBC

Strength & Modulus Comparable to Pure PLA Elongation & toughness Tens-Fold Increment

% 4. PLA matrix0lIA Lt T2iot 7paR|9| AlL2| 2ot 742k
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A= isocyanateAA|] methylene diphenyl diisocyanate,
hexamethylene diisocyanate” * £0] 91O, epoxy =L
multifunctional epoxy—-based styrene-acrylic oligomer, 2728
158182 anhydridel= pyromellitic dianhydride™® % o]
et o A BH8-3 WA ZE peroxideZQ! lauroyl

. 6768 o .. 64,66 -
peroxide, dicumyl peroxide’™” E©0] oW, IZ=ZE

” (i
PLA—OH + OCNvWVYNCO = PLA—N—C—OwWv
Hydroxyl end group Diisocyanate Urethane bond
(b) o H (I)I
PLA—C—OH + OCNvWVNCO =—> PLA—N—Cvwvv
Carboxyl end group Amide bond
© ﬁ
PLA—N—C—0vvv
H o |
|l c=o
PLA—N—C—O0wvW\ 4 OCNYWWNCO —> |
N—-H

Urethane bond
Allophanate bond

73 5. PLAR} isocyanate?| AtEs HRA2tO| BFS HAHLIZ: (a)
urethane, (b) amide, () allophanate Zg g+,



¥193 A= maleic anhydride (MAH),***"™ glycidyl

methacrylate’ ™ S0] AL E| 3 9Tt

2.3 Ef EXjelo| ST S §35HPLA 7| AX
PLAE 7|2 H]&Es1d 2EAE thA| U=

HEo] YA U2 8574 =et d M, B2

7o FHER Q5| thst Hofz &Y 3t

t} o|& siZEst= WY & ShUE OE 1

S 55 HHEES 7iAsHE A7t 319 °“:}
Urkyo g 8§ EY L 1 EA Y HUHAE &8

Q5= EAL 7 AR HYsH= iy og 7=

2 AdE FHE ARt o] 3AHL 12 7oA

(screw)oll ot AdHo] o8 I EAT 8853 3

9} %%*Qtﬂ, AZ dieE Bl 8= S 7}7“ ZH

S 29It ¥ w3} Alo| = 1T (side feeder), @

(o]
0.

AV o sz
K g VAT e

Aol glo] ol g sk 1g W %
Y Bl Z7ho]) BAHL 4

%in

HOWAAAANCOOH 4 W W
13 R

H

Poly(lactic acid)  Epoxy-based chain extender
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SFA|EF PLAS} PBAT 7t U2 AW Azl 8si= st
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PLAS} PBAT 7te] ol ~H|2 u@} ¥1-&(transesterification),
bi- 4 tri-block 35 A, A ¥ H7HA 22 4
{3IAS 283 AFE0] A Yk

E35], PLA-PBAT-PLA % PLA-PEG-PLA tri-block &
FAA(THE 8), acrylateZ]l FFA(LH 9) 5 22 &&
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UHEEM | Poly(lactic acid) 7|8t AR5 A 25tARH0| HALSE
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UYukA o 2 PLA/TPS B3 Q1o A9] TPSE= 7]-/\74-]]
sto] AES S3IA|F AMS 7t 4
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AgT ARG WA T, T 52 IH 7HEAE AN
7

ofo

2.33% —"v'—(Starch)J-PI SHY AR 5
AR A ) el eyt W 244 53 -2 A5

A ‘?:*OVI% thEE A AFS TRE finear 722 amylose 71 Fejolt}. TPSY] /42 AF2] S3tol whet getx|m,
9} branched #+&%1 amylopectinEF-_ FAEH, 0]59] H] 2t nlAl= AR A2 7=, 8, 2% pH, 7kaA,

g0 Nz wet Dbt 144719] hydroxyl groupo] BRI 501 TR dubH o Ao 24991 PLA
o] Zaha, o] A9 _‘_,_x}z_]. 24 Ao ol WX ot X4 R1 TPSE &8 B39 Al /&8/d0] Hojz]7] uf

2% (thermal decomposition temperature, 73)7} 7 BTt Toll e ol HeraL 71AA
Ytk E4S 7x|3 9rk ek ojgjat EAEL HEo] 2 o] st = A50l =AU 1—575‘], PLA —7— AF
T S

S I = R
AN W 7|AR BA, A E3bY Sof] ke ) zic 2 &0l MAH 22 E 7hg-3 S5
PLASH RS P83t A7t =7 pLAs A Bal /IS PLA-g-starch

TE =Y
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& RS AEA 5& &85t 71AH 84 2 E A hydroxybutyrate) (PSHB), poly(3-hydroxyvalerate) (P3HV),
o] 7}1% PLA/TPS B3AA& Al zstgir} 510104 poly (3-hydroxybutyrate- co-3-hydroxyvalerate) (PHBV),

T AT FFoRE MER A F[E ZH2 Hiolo poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH)
oz 79F el s &8 TPS/PLA BAE (2 5ol 9low, PBSe fAHA sl 874 5 thst 2110
2 12)'%9 9 expanded polystyrene (EPS) & thxlst7] 9 N Bzt 7Rsseh (g 13). " =3, PHA”] S
S HMEZQA/PLA/AE 71bt JESA Pazy AR d 0| M Eo] o5 AT m g shte] st o) -2 LAIE of

7% 3 ZUEIG PLA/TPS WohIE A= 9 Q¥e] 7 2HAo] ok om), vielol $oelka ks Aol

% A7} AegEw ok HoUATE, 52 HHL 7p3 9o, 7,3} 77 S

o 7t 574 4 S-8ol AgkHoltt. ol EAIE A5t

2.3.4 PHASIC| 23] AL =35k 7] 913 o= PHBVeF 2ol W2 A7 @/de 7
PHAE U8 Ha2 THE0jX|= polyesterAl &3I4 PHA 35AS A28k Wo] At ek o

nRAE 0gRe) E5o vade Hehd ke = PLA/PHA 2819 Q70]4] PHAL %2 PHBV el

(side chain) T+&Z 712 hydroxyalkanoic acids”} ZA§3}t AgE]= AE¥ o] Buw|w 9lon E3] PHBVY
o, T Q] ghA Jlgeet E2 o] 9] 4] vlgof wet Tk o] 20 wt% TS wf FHAdS FX5HHA PLAS] Q1
Fst EAS 714 4 ok tjE ARl PHAZE poly(3- A (toughness) & Z7H71= 1= B Qeh s w3t

Y S

on ‘on

L' J\/2
'sm
x‘r )

Z+ 08 By-products
Cussuvn stln:h Plasticizer (glycerol) NS
Extrusion
Advantages & Drawback
» mdustnes

o = lmll
Jopmones B é Reinforcing ,‘9,
o Flexviiy _low Drawback giCoigfbera((CE) offect of CF snrr’ |
o PSS on e re! ness
;}'W:: 1 a /_> hardness 4
0 @ e @ - - = Dispersion
il Inexpensive  Water . Hardowes 4 g improver
Th lastic st I“:I:'(TPS) . ¢ 7 | ' 3 i
L—  Thermoplastic starc 4 a S _—
Extrusion { o ®  Extrusion & Compatibility
o Advantages & Drawbacks W Cost 9 injection
S "’_"‘ TPSIPLA blend moulding SNTPEIPLAICF I \,,c/eating
1l (0] + biocompositess ~———
High Brittleness el effect of CF
CH;  ‘n  strength Compatibility 4 S
Crystallinity 4
| Poly(lactic acid) (PLA)
a3 12. Coir fibres2 ZSHEl TPS/PLA 28t4a] o'
Shallow sea

PHA-producing bacteria
_~

* Plastisphere
/ <
Plastisphere = \ - a—

Polysaccharides Sugars

Organic acids

Marine biological carbon cycle fo; PHA

PHA-degrading bacteria/——\ P(3HB) depolymerases
-

SolidPHA

Induction » = Inducers
“==-= (R)-3HB <_/

(S)-3HB

Deep sea

ol

13 13, S0l PHA MEsl w8 ou '
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UBESH | Poly(lactic acid) 7|HH H&aHA EFtantol HESE

PHAB] VA 9 2 jigtol] i PLA9}94

Fut ofUleh chais g WHS Y WIS BE
ﬂﬁqnﬁégﬂ&gnuaa%mHEMmA%a@Ee_
4%01 A OHH_J_ o]q_ 52,117

3.28

AF7HA B2 RS )

2ol 222 iAsH ] 9
off W2 A7t XY= 3 Q= PLAS] 718 EXAS 7|&st
I, A7 9 B ARl i A ST &8 EYE B
off et B4 RIR Al A UES A EgIT:

AA YR AL YA HE L RAET 3
710l A9k AtiA o2 XY@t PLAS 7[R 2 PBAT, PBS,
starch, PHA % vlo]emjA 7|9t He] 55 &-83}o] Fof
b 24 FEStA sk At ol AJ4tst] SRk
7+e71E el e R ekt At A 88 7HsAd & Eod
F3L Q0 Az E U] g8 AR 1 Al e} Bl Eo] g
Z3oll gk AR ES] Q1413 7EA] o] ®igte A EslAd B3
24 Fofe] &gt A o] & AFE3tthE FAY
o 5ol d AR 7|t
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